When an infection has been completely eliminated, either by natural or therapeutic means, a certain degree of residual immunity remains. If the infection has been cut short very early in its course by therapeutic measures, the immunity acquired seldom reaches a high level and usually disappears comparatively rapidly. When, however, the infection has continued for a considerable period, weeks or months, the long and repeated antigenic stimulation appears to produce an immunity wNhich is of a much more lasting character after the eradication of the infection. This is especially so when the host has been subjected to multiple superinfections with the same species of Plasmodium. The residual immunity found after infection with P. falciparum appears to be more fleeting than that observed after P. vivax, wNhile that after P. ovalle seems to be verv lasting.
Passive immunity. it has been suggested by some workers that a certain amount of passive immunity may be transmitted from a malarious mother to her offspring, more especially in utero. The evidence for this is as yet very inconclusive.
Many attempts have been made in the past to transmit a passive immunity in malaria, but with little success. More recently, however, by the injection of very large amounts of serum from a host with a high degree of acquired immunity, it has been reported that in certain cases of avian, simian, and human, malaria, the infection in a new host can be definitelv modified. This suggests that, if antibodies are present. their concentration in the peripheral blood must be verv weak.
Protozoan Diseases of Stock
My interest has chiefly been in protozoan diseases of stock. In areas in which diseases due to the intracellular protozoa (Coccidia, Babesia. Theileria) occur, young animals contract an infection that is often symptomless, and remain immune throughout life. Relapses occur in exceptional circumstances, but in general the presence of these parasites would not be noticed if imported animals did not contract disease. In the exeeptional cases there may be a considerable mortalitv of young stock. In Britain, as far as my observations have gone, every flock of fowls harbours Coccidia, an(l oocysts corresponding to those described for all six species are usually present. Every sheep I have examined-most of them butcher's animals-showed coccidial infection. 90%0 of rabbits also harbonr infection. It is believed that in early youth these animals contract mild symptomless infections before they are exposed to gross contamination. Susceptible a(dult animals introduced into such areas contract acute disease and may die.
According to the early work of Tyzzer (1932) and other American investigators, fowvls infected with coccidia and protected from reinfection become free from the parasites and are then liable to become infected again. If exposure to infection is maintained, superinfection and reinfection occur, but after a time complete immunity is established. How long such inimunity will persist, was not determined.
Biester and Murray (1930), working with coccidia of pigs, reached similar conclusions, but added that immunity persisted only for a few weeks.
More recently Tyzzer (1936) has modified his original views and says that some fowls may maintain infection indefinitely. I have commonly found infection in fowls which have been kept in batteries for two and three years, and, when each bird is kept in a separate cage on wire floors, it is difficult to believe that reinfection could occur regularly enough for the parasites to persist so long, if they were not capable of surviving indefinitely in their hosts.
There appears to be little evidence that in fowls or sheep the immunity to Coccidia can be broken down, but in cattle in India and Kenya it is said that rinderpest immunization will cause a relapse to coccidiosis. From Tvzzer's observations on fowls there seems little doubt that superinfection can occur, and it is possible that such relapses in cattle are in fact reinfections, the rinderpest immunization reducing the resistance to reinfection rather than to the strain persisting in the host. Short (1938) and others, working with Babesia of dogs in India, say that superinfection can rarely be accomplished. But if it can occur at all it would probably be (lifficult to detect, and it may be more common than is supposed.
Again, rinderpest immunization is said to cause a breakdown to Babesia infectionl in cattle, but modern methods of freeing the virus used in immunization from piroplasms has greatly reduced the number of such accidents. Again it seems that superinfection was the most important factor.
By treatment of dogs, Short was able to eliminate the persisting piroplasmal inifection, and in one case set up a fatal reinfection within about three weeks. The evidence, though still rather meagre, seems to suggest that infection with these intracellular parasites may persist indefinitely, and superinfection nmay occur, but the host is immune to the pathogenic action of the parasite unless the latter has been completely eliminated. Immunity is then lost in a few weeks. The pathogenic action in these cases seems to dlepend on cell destruction. Tyzzer was unable to (letect circulating antibodies, but the cells of immune birds resisted sporozoite invasion and the invading sporozoites withered and degenerated.
A possible explanation is that we must look on such diseases as (liseases of thee cells attacked rather than of the host. The sporozoites of Coccidia, in attacking the intestinal epithelium, fail to establish themselves in some cells, which become immune. The cells in which attack is successful (lie an(l are replaced by new cells. soine of which may resist attack, and the number of immnune cells tends to increase. Normally, new susceptible cells are formed (1uicklv enough to maintain infection. Rinderpest, which causes a great destruction of intestinal epithelial cells, would thus destroy those immune to Coccidia, and since the new cells formed would have no immunity, the Coccidia would find practically virgin epithelium to reinfeet. Trypanosome infections.-In their natural hosts the initial infection is often nonclinical. The blood of cattle or dogs may be swarming with trypanosomes and the animals be in apparently excellent health. According to Taliaferro's (1932) work on T. lewisi in rats, the host reaction consists in the production of two antibodies, one inhibiting multiplication and the other cauising lysis. Apparently the trypanosome responds by the formation of relapse strains w-hich are not susceptible to these antibodies, and infection is characterized by a succession of wA-aves of lysis and multiplication which may continue indefinitely. We cannot say there is anv immunity to the pathogenic action. An infection may be apparently benign at the start, the host remaining in good health for years, then for no apparent reason the host may develop clinical symptoms and, if untreated, die without any marked increase in the numbers of the parasites. Since antiparasitic treatment leads to recoverv it seems that the parasites themselves are responsible for such relapses.
We know that infection may persist unnoticed for very long periods. There is a record of one man in whom clinical disease did not develop till fifteen years after his return to Europe. Cattle and camels have been kept under observation and trypanosomes have only been occasionally detectedl in their blood for periods up to three years, although the species concerned was,s normally highly pathogenic (T. congolense and T. evansi).
It is believed that game in afly belt " (levelop (muite a serviceable immunitv by the process of infection in youth followed by repeated reinfection. Schilling's (1935) experiment in Tanganyika, in which calves were infected and then exposed in a tsetse area, will reach a very interesting stage when the animals become mature.
Cattle exposed in Uganda to G. palpalis develop a double infection with T. brucei and T. vivax and suffer a loss of condition and a mortality of about 10%. After a year or more of exposure no further trypanosome infection can be detected, and
Proceedings of the Royal Society of Medicine 56 their condition often becomes excellent. In a very limited number of experiments blood from such animals proved non-infective on subinoculation and they resisted reinoculation with T. vivax. One does not claim that they were free from infection, which is extremely difficult to prove, but T. vivax is usually easily reinoculable to an apparently recovered animal, so it would seem they had more than the ordinary immunity of the once-infected beast. In dealing with trypanosome immunity the greatest difficulty is to decide whether a given animal is free from residual infection or not. In the case of the more pathogenic trypanosomes like T. congolen8e it seems that ordinarily superinfection cannot be produced, so that if reinoculation is successful it has been assumed that recovery has occurred. But Parkin and Hornby (1930) were able to cause superinfection with a strain of trypanosome from another area. After apparently successful treatment reinfection is usually obtainable, and such tests as the mercuric chloride test in camels and the complement-fixation test in horses give negative results. The use of such tests may give us more reliable information as to whether superinfection is readily obtainable and whether sterile immunity ever occurs.
At the present time there seems to be a possibility that solid immunity mav be reached through recovery followed by repeated reinfection in youth. Such a process might produce a lysin which was capable of dealing with any relapse strains before the animal was too mature to make an efficient resistance. It would make a considerable difference to Africa if stock could be acclimatized in tsetse areas. As has been pointed out by Duke (1936) and others, one of the great causes of human disease in such areas is the low standard of living in them, and a supply of milk, butter, meat, and fats, might make them more suitable for prosperous settlements which would. in time. displace the tsetse.
